A vacuum-driven antibody-reaction system enables high-throughput western blotting, where the antibodies pass through protein-transferred membrane and antibody-antigen reaction is completed within 30 min. With the vacuum-based device, two protein detection methods compatible with by laser scanning were compared; one with enhanced chemiluminescence reaction and the other using fluorescence-labeled antibody. Considering sensitivity, quantitative capability, reproducibility and labor intensiveness, we concluded that fluorescence-based detection is more suitable in combination with the vacuum-driven antibody-reaction system and a laser scanner.
INTRODUCTION
The antibody-based proteomics can uncover low abundant proteins that cannot be observed by two-dimensional gel electrophoresis and mass spectrometry. The development of antibodies against all gene products has been extensively challenged, resulting in the antibody library for more than 6,000 unique gene products 1) . We need technologies to make a best use of available antibodies.
In this report, we examined the western blotting methods with chemiluminescence and fluorescence. These two methods allow the use of a laser scanner for signal detection, thus enabling simultaneous processing of multiple membranes. We also report the application of a vacuumbased antibody-antigen reactor.
MATERIALS AND METHODS

Cell lines
The following liver cancer cell lines were used; PLC/ PRF/5, KYN3, TPH5-CH, JHH-7, TPH5-T, HepG2, SKHep-1, SSP-25, KYN2, Li7, HuH-1, HLF, HT17, JHH-5 and JHH-6. The details of cell lines were described in our previous report 2) .
SDS-PAGE
SDS-PAGE was performed using 10%-polyacrylamide pre-cast gel slabs "e·PAGEL", and an electrophoresis system, "PAGERUN" (ATTO, Tokyo, Japan). A set of molecular weight markers (Precision Plus Protein All Blue Standards; Bio-Rad Laboratories, Hercules, CA) was used.
Protein transfer to membrane
The separated proteins in the gels were transferred to membrane using a transfer system (Bio Craft, Itabashi, Tokyo, Japan) at 1 mA/cm 2 membrane for 90 min. According to the manufacturer instruction manual, nitrocellulose membrane (Hybond-ECL, GE Healthcare Biosciences, Uppsala, Sweden) was used for chemiluminescence-based detection method, and PVDF membrane (Hybond-LFP; GE Healthcare Biosciences) pre-wet by 100% methanol was used for fluorescence-based detection method.
Membrane staining with Cy3
The protein-transferred membrane was stained with Cy3 reagent (1/1000 of a total volume of a solution of Cy3 Monoreactive Dye Pack, GE Healthcare Biosciences), and incubated for 1 hour in a dark box. Subsequently the membrane was washed 3 times in distilled water for 10 min each.
Antibody reaction by conventional method
The Cy3-stained membrane was placed in a plastic tray with protein side up, and incubated with the blocking buffer A containing 0.05% Tween 20 (Sigma, St. Louis, MO), 5% Difco skim milk (BD, Franklin Lakes, NJ) in PBS for 60 min. The membrane was placed with protein side down on a one-ml drop of anti-BSA mouse antibody (Sigma, 1:250 dilution in the blocking buffer A) placed on the palafilmcovered glass for 60 min. The membrane was washed three times for 10 min each with PBST, and incubated with antimouse IgG antibody conjugated with HRP (1:1000 dilution in PBST, GE Healthcare Biosciences) or anti-mouse IgG antibody labeled by Cy5 (ECL Plex goat-α-mouse IgG-Cy5, 1:150 dilution in PBST, GE Healthcare Biosciences) for 60 min. The membranes were washed three times for 10 min each in PBST. The membrane incubated with antimouse IgG antibody conjugated with HRP was further processed by enhanced chemiluminescent reagent (ECL Plus, GE Healthcare Biosciences) according to the manufacturer instruction manual.
Antibody reaction using a vacuum-driven system
Antibody reactions were also performed using SNAP i.d. system according to the manufacturer instruction manual (Millipore, Billerica, MA). SNAP i.d. is a vacuum-driven antibody-reaction system. In SNAP i.d., the membrane to which proteins separated by SDS-PAGE were transferred is sucked by negative pressure by a vacuum pomp, and solutions poured on the membrane pass through the membrane by a reduced pressure. In this experiment, the Cy3-stained membrane was placed in pre-wet single blot holder with protein side fitting to the blot membrane of the disposable cassette for SNAP i.d.. Thirty ml of blocking buffer B containing 0.5% ECL Advance Blocking Agent (GE Healthcare Biosciences) in PBST was poured over the membrane and completely sucked up via a reduced pressure applied by a pump. After the vacuum off, the membrane in the holder was incubated with 3 ml of anti-BSA antibody (1:750 dilution in blocking buffer B, Sigma) or anti-AFP antibody (1:1000 dilution in blocking buffer B, GE Healthcare Biosciences) for 10 min, and a vacuum was applied again. Then 30 ml of PBST was added three times with vacuum running continuously. Every vacuum wash was performed after each reagent was sucked up completely. After the vacuum off, the membrane was incubated with 3 ml of anti-mouse IgG antibody conjugated with HRP (1:3000 dilution in PBST, GE Healthcare Biosciences) or ECL Plex goat-α-mouse IgG-Cy5 (1:450 dilution in PBST) for 10 min. Then 30 ml of PBST was added three times with vacuum running continuously. Every vacuum wash was taken after reagent suck up completely. The nitrocellulose membrane with anti-mouse IgG antibody conjugated with Horseradish peroxidase was immediately reacted with ECL Plus, and the PVDF membrane with ECL Plex goat-α-mouse IgG-Cy5 was completely dried on a non-fluorescent blotting paper in a dark box for 60 min.
Protein visualization and data analysis
The western blot images were obtained by Typhoon TRIO+ scanner (GE Healthcare Biosciences) according to the manufacture instruction manual. The signal intensity was measured by image analysis software, ImageQuant v7.0 (GE Healthcare Biosciences). Photo-multiplier tube (PMT) voltages were adjusted as follows; PMT 300 V for the Cy3 image and PMT 500 V for the Cy5 and ECL Plus images.
RESULTS AND DISCUSSION
Both ECL Plex and ECL Plus are the detection system for the western blotting. In ECL Plex, the antibody conjugated with fluorescent dye is used as a second antibody. The amount of immuno complex is measured as a fluorescent signal. In ECL Plus, HRP-conjugated antibody is used as a second antibody. The immuno complex is measured as a signal of chemiluminescent signal. Signals generated both by ECL Plex and ECL Plus can be detected by a laserscanner such as Typhoon (GE Healthcare Biosciences). The use of laser-scanner enables the parallel examinations of multiple membranes because of its large scanning area, so that many membranes of western blotting can be examined in a short time. A vacuum-driven antibody-reaction system, namely SNAP i.d., allows the high throughput antibodyantigen reaction for the western blotting. A combination between two different detection systems, SNAP i.d. and a laser-scanner will be considered when a large number of antibodies are used for the western blotting. With this notion, we compared the combinations of these reagents and machines from a view of experiment efficiencies, sensitivity, and possible applications. Work-flows of four western blotting methods were summarized in Fig. 1 . Total time for experiments was the shortest in a combination between SNAP i.d. and ECL Plus. While, as the use of ECL Plex did not require signal enhancing step, labor intensiveness with ECL Plex is less than that with ECL Plus.
Signal intensities of serially diluted of BSA were compared between SNAP i.d. and a conventional method. With both ECL Plus and ECL Plex detection methods, western blotting using SNAP i.d. resulted in higher signal intensity and wider dynamic range compared with that using a conventional method. (Fig. 2A and B) . The sensitivity was close between ECL Plus and ECL Plex. The deviation of signal intensities in triplicate experiments was smaller in ECL Plex (Fig. 2B) than that in ECL Plus (Fig. 2A) . Correlation coefficiencies of triplicate experiments were similar between these four different conditions, while the combination of ECL Plex with SNAP i.d. showed the highest correlation coefficient value (0.9818).
Proteins of liver cancer cell lines with varying AFP expression levels were reacted with an antibody against AFP (Fig. 3) . The transferred membranes were stained with Cy5 before antibody reaction, and the amounts of loaded protein were normalized by measuring total signal intensity of each lane. The relative intensity of each sample was calculated as a fraction of the maximum expression observed in lane 4. The signal background was apparently lower with ECL Plex than ECL Plus, probably because the signals were measured without any treatment of the membrane (Upper panel in Fig. 3) . While, the relative signal intensities between the cell lines were close between ECL Plex and ECL Plus methods, with the correlation coefficient value of 0.9619.
CONCLUSIONS
We reported the results of the comparison between two highly sensitive and laser-scanner compatible detection methods. A combination of SNAP i.d and ECL Plus generates the results in the shortest period, while the use of ECL Plex saves the labor intensiveness with an equivalent time course. ECL Plex showed higher reproducibility, wider dynamic range and lower background than ECL Plus. All things considered, ECL Plex should be the better choice for a detection method than ECL Plus, combined with SNAP i.d. and a laser scanner. Western blot signal was monitored by a method with ECL Plex (A) and ECL Plus (B). Two-fold serial dilutions of BSA loaded onto gels (from left to right) were 150, 75, 37.5, 18.8, 9.4, 4.7, 2.35, 1.18, 0.59, 0.3, 0.15 ng per lane. Note that 1) the signal intensity and dynamic range by SNAP i.d. was higher and wider than that by the conventional method respectively, 2) a method with ECL Plex generated lower background than that with ECL Plus, and 3) deviation of triplicate experiments was less with ECL Plex than ECL Plus. 
